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Introduction

This appendixpresents available data on oyster populations within the 51 individual sanctuaries

as a means to examine the general characteristics, background information, and trends over time
for each unique area. Recognizing that trends for any given area masdhifire

environmental conditions change, an examination of oyster populations before and after 2010

will facilitate informed discussion of the effectiveness of the locations of the management areas.
This appendixpresents detailed data on each sanctu@tyapted and 5will provide

interpretations of these data to assess the effectiveness of sanctuary locations against the original
objectives for the sanctuary program.

Not all types of data are available for all sanctuaries, and the scientificofahedifferent

types of data may vary. This report leverages data from partners andejthegmenprograms

which have particular data on specific sanctuaries. These studies often have limitations related to
short study duration, initiation after tkieeation of sanctuaries in 2010 (no-genctuary data),

or a study design that was designed for purposes other than the type of assessment presented in
this report (e.g. bottom sonar surveys targeting derelict gear, but which could be used to
characterizévottom substrate).

Data used in this assessment include the following: bay bottom characteristics, replenishment
and restoration activities, oyster population characteristics (density, recruitment, size structure,
and mortality), water quality, and ecasgm services (TabkeO-1).

The various data sources used in the assessment of each sanctuary are described below. For each
data source, the objective and term of the sampling program are presented, the specific data sets
derived from the program are deibed, and the value and limitations of each of the data sets for
assessment purposes are identified.

Data Sources
Bay Bottom Surveys

Bay bottom mapping is important to determine the different substrate types of the bay bottom
and, if possible, oyster bhoundary delineatiomhree surveys are used in the sanctuary
assessment: the Yatssgrvey which delineated oystiears from 1906 to 1912, the Bay Bottom
Survey which categorized areastloé bay by bottom type from 1974 1983(design and

planning in B74; survey conducted 1975 to 1988)d sitespecific sonar surveysourring
between 2005 and 2013.

The Yates survey, conducted from 1906 to 1912, was the first comprehensive survey of

Maryl andds oyster bars. T h edelipeate theelaggt o bj ect i v
boundaries of the oyster bars to facilitate leasing grounds outside of the bars for aquaculture.

Using a chain dragged over the bottom, the survey examined 350,000 acres of bay bottom and

4
DRAFT REPOKJULY 2016



mapped 780 bars covering 216,000 acres oviryear period. After the Yates survey,

additional areas were mapped and bars delineated. These new bars were amended to the list of
Maryland oyster bars. Current{gs of 1983)there are 1,105 historic bars covering 330,202

acres. The bars mappedbyayt es as well as the additional ar
historic oyster bardt should be noted, however, that these historic oyster bars do not necessarily
represent current viable oysteabitatwith oysters and substrate. It has been estichtitat only

36,000 acres of the historic oystebitatis viable toda$.

Maryland Department of Natural Resouraesnducted the Bay Bottom Survey from 1983

using a dragged acoustical device, sonar, and patent tongs to map the bottom types found in
Maryl andds port i on(@pprdximatelyec30000acgedpttenatgpe Bay
categories included cultch (ogstshell), hard bottom, mud, mud with cultch, sand, and sand with
cultch. Cultch and mixed cultch are important to oyster population as these bottom types provide
settlement substrate for oyster larvae. Hard bottom may serve as a platform for placimg spa
shell. The greater the area of cultch, mixed cultch, and hard bottom, the greater the potential for
restoration. A sounding pole or divers were uggdjroundtruthing

Maryland Geological Survey (MGS) and NOAA conducted side scan sonar survey®bitn8

51 oyster sanctuaries between 2005 and 2013. In some casebadtsobprofiler was used to
elucidate subsurface features. The results of these surveys were used in conjunction with ground
truthing Van Veen grab samples and underwater videcette maps of bottom type. In Harris
Creek, Little Choptank River, and Tred AvBRiver sanctuaries, NOAA used multeam sonar

to create higkresolution bottom type maps of areas that appeared suitable for restoration
(capable of supporting oysters oefduilding substratd)ased on the side scan sonar surveys.

In addition to surveying oyster sanctuaries to map bottom type, MGS also conducted sonar
surveys for other purposes, such as the identification of derelict fishing gear. Where possible,
the dah collected from these surveys weraralyzed to produce bottom type maps.

NOAA uses the Coastal and Marine Ecological Classification Standard (CMEE 8pttom

types. CMECS provides a comprehensive national framework for organizing information about
coasts and oceans and their living systems. This information includes the physical, biological,
and chemical data that are collectively used to define coastal and marine ecosystems. To
compare the results of NOAA, MGS, and Bay Bottom Surveys, NOAA refitaisthe MGS and
Bay Bottom Survey bottom types to CMECS, matching categories as closely as pdossgible.

Bay Bottom Survey categories of cultch, mud with cultch, and sand with cultch were classified
as oyster reef, as were the MGS catergories of shedl with shell, and sand with shell. Man
made reefs were also classified as oyster reef habitatbottom maps in theppendixpresent
simplified results of the surveys, showing only oysé&fhabitatand noroysterreefhabitat

bottom. The bottom magsovide valuable information on habitat, and comparing the results of

! Maryland Department of Natural Resources. 1997. Margland Hi st ori ¢ Oyster Bottom: A Geographic reyg
oyster bars. http://dnr.maryland.gov/fisheries/Documents/maryland_historisteoybottom. pdf

2 U.S. Army Corps of Engineers, Norfolk District. 2009. Programmatic Environmental Impact Statement for Oyster Rest@aésapeake

Bay Including the Use of a Native and/or Nonnative Oystityp://dnr.maryland.gov/fisheries/Pages/eis.aspx

% Federal Geographic Data Committee (FGDC). 2012. Coastal and Marine Ecological Classification Standard. Report&6DFREIBC
2012.https://www.fgdc.gov/standards/projects/cmémlder/ CMECS_Version_0&2012 FINAL.pdf
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the Bay Bottom Survey with more recent MGS and NOAA sonar surveys allows the visual
examination of change in habitat over time.

Replenishment and Restoration Efforts

Almost every oyster bar in Maryland has been manipulated over time through replenishment and
restoration efforts to improve oyster bar productivity. Replenishment efforts were intended to
enhance the public fishery for economic benefit and occurred pribetestablishment of the
sanctuaries. Restoration efforts were those activities occurring after the establishment of the
sanctuary with the objective to restore oyster populations for ecosystem and ecological benefits.
The types of enhancements employetoth replenishment and restoration include planting

fresh and dredged shell, transplanting natural, wild seed, and planting hatdrexy spat in

hopes of increasing oyster populations. Records of these activities date back to 1960, but shell
and seegblantings only since 1990 will be presented in #ppendixso to be consistent with the

time period of comparison of the general oyster population characteristics to be described for
each sanctuary.

The amount of replenishment and restoration actss/diéfers widely among the 51 sanctuaries.
Some sanctuaries have received numerous plantings of both shell and seed over time, while
others received very few or none of either. The annual planting information provides a general
sense of how each sanctuargs manipulated over time. An analysis to determine if

replenishment or restoration activities contributed to an increase in oyster population is beyond
the scope of this report, since a robust statistically designed project would have to be conducted
in order to assess shell and seed planting effectiveness. This type of project is ongoing for Harris
Creek, Little Choptank River, and Tred Avon River sanctudayesrganizations other than the
departmenand may be referenced when applicable.

There is somencertainty around the planting activity data recorded in earlier years. This is due
to the precision of technology used to record planting locations and incompleteness of records.
Prior to around the year 2000 seed and shell plantings were chartedamidigates obtained

with LORAN-C, then transposed by hand onto paper or mylar charts, and then digitized by hand
for usein electronic format, specifically with ArcGIS and other computer mapping software.
Each step is potential source of error. Accordjrio the manufacturer, the absolute accuracy of
LORAN-C varies from 0.10 to 0.2%autical mileg185 to 463nete) compared to GPS which is
typically less than three meterBhe location of plantings prior to 2000 are not known with the
same level of accacy as those po000 and could be off potentially by up to Oriutical

miles, or an order of magnitude more than modern plantings. With this margin of error, there is
much uncertainty of where historic plantings were with regard to modern sancteargtiwith

the digitized Yates bar boundaries.

When the records exist, the volume and area of historic planting is known relatively well. Barges
of known volume and carrying capacity were used and carefully meaandgddividual
workboats used to hauted were measured and each load was inspected prior to planting.
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Unfortunately, many records are missing or incomplete. In several cases the volume was known
but the area was not recorded or was lost. In some cases the area was recorded but the volume
wasnot recorded or was lost. A few years agepartmenstaff spent a considerable amount of

time going through old records and reports to try to fill in as many blanks as possible to update a
database and GIS layer with this information. In many cases over the five decade time series,
including those betweer®?19 0 and 2010, a Abest guesso for th
calculated based on available information such as average density of plantings and estimated
acreage. Pos2010, the completeness of the planting records has improvessidee precision

with which area has been measui2de to these two issues (lack of precision and
incompleteness) surrounding older plantings, caution must be exercised when stating the total
amount of planning activity since 1990 in a given area.

Longevity of plantings shdd also be considered when examining replenishment activities. On
average, it is thought that, in the absence of disease, oysters can live up to2@&years
without disease related mortalitgesd plantingsn the Chesapeake B&yr harvest purposesea
not likely to last more thathree to fiveyears due to harvest pressurengevity of shell can

vary due to type of shell, pH antkalinity, sedimenburial, and attack from shdtloring
organismsThe shell dissolution rate for fresh shell has beend to be much faster than for
dredged shell. fie halflives of shell werecomputel by Waldbusser et al (20£1nd the results
ranged fronroughlyoneyearfor fresh shell under mid and low gbinearly 40 yars.This rate
however does not account faisk of shell due to burial, transport, and attack fsponges and
othersheltboring organisms, all important sources of shell loss in Chesapeaké Bayher
understanding the fate of historic plantings is important but beyond the scope of this report.

Another source of smallexcale restoration planting data comes from the Marylanders Grow
Oyster Program (MGOMGO is an outreach and educational program designed to engage the
public in oyster restoration by having them grow oysters at their pierg@s ead then plant the
oysters in local sanctuaries to enhanceolysterpopulation.Growers (individuals in the

program) receive spat in cages around September each year. The cages are tended to by the
growers over the winter and spring. Around Juneagigroximately nine month old oysters are
planted in sites within a sanctuary. The shell height of these oysters are approximately one to two
inches.

The program began in 2008 in the Tred Avon Ravadl has grown considerably since thEhe

MGO Program idarge in terms of geographic scope (currently in 32 tributafitise bay)the

degree of public involvement (over 2,000 oyster growers and over 5,000 school siaahehts)

the effort invested to grow oysters (7,000 cages are being utilized). Itlysthkdargest
communitybased oyster growing program in the country. But it is actually a small scale

program in terms of the acreage of sanctuary bottom restored and the number of oysters planted.
Approximately two million oysters are planted on a fwes of oyster bottom annually.
comparisonlarge scaleestoration can plar million oystersn a day(i.e. Harris Creek

4 Buroker NE. 1983. Population genetics of the American oyster Crassostrea virginica along the Atlantic @al§toéimdexico. Marine
Biology 75:99112.
®Waldbusser, G.G., R. A. Steenson, and M. A. Green. 2011. Oyster Shell Dissolution Rates in Estuarine Waters: EffectsShigtit egacy.
Journal of Shellfish Research, Vol. 30, No. 3,650
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Sanctuary) However, in tributaries where large scadstoratioris absent, MGO may be the
only source of restoration activity

Annual Fall Oyster Dredge Survey

The purpose ahe departmets Annu a l Fal | Oyster Dredge Suryv
since 1939, is to assess the overall heal th o
represents the longest contius and most geographically comprehensive oyster survey in

Maryland. Although the Fall Survey was not developed explicitly for sanctuary monitoring and

cannot be used to determine the density of oysters or calculate the total population size, it is
usefulfor tracking general longerm trends of the oyster population characteristics.

The original Fall Survey design included the sampling of spatfall and relative oyster abundance
at a subset of Maryl andds oyst simce ®20rwhenthe Thi s
sampling methodology was altered to include disease and biomass components along with the
spatfall and relative abundance information. In the fall each year, betwean®&3a5 samples

are collected. Some sanctuaries may have sargies on multiple bars annually, some

sanctuaries have only one oyster bar sampled annually, and some sanctuaries have not been
sampled at all by the Fall Survey. For each sample, one or (in the case of the 43 fixed disease and
biomass bars) twbalf bustel subsamples of material are collected by an oyster dredge. Detailed
methods for the fall survey may be found in Tarnowski (2015

For each sample collected by the Fall Survey, the number of live oysters per one bushel of
material collected is countedy€iers are classified as spat, srsatled oysters, or market sized
oysters. Spat are less than one year old. Ssirt oysters are between one and two years old,

and generally greater than 40 millimeters and always less than 76 millimeters.-Magekiet

oysters are always greater thann7ilimeters and generally older thémreeyears. Changes in

the number of oysters over time can provide a general sense of change in oyster abundance and
age/size structure.

Samples taken on a fixed 43 bar subsetldhaloyster bars sampled provide more detailed
information on oyster sizes annually. Oyster shell height in millimeters is recorded for all oysters
collected. Oyster size structure can be assessed by calculating the frequency distribution of
oysters in eeh five mm size class. A healthy oyster population would have a size distribution
with oysters in all size classes frorb0nillimeters to greater than 120 millimeters. This would
indicate multiple age classes in the population.

Biomass is estimated frofield-collected oyster shell height using laboratderived height

weight relationships. Weight is calculated as grams of dry tissue weight. Increases in biomass
may reflect increase in the number of oysters and/or oyster size. Greater biomassiresults i
greater water filtratioapacity

® Tarnowski, 2015. Maryland Oyster Population Status Report, 2014 Fall Shtiel/dnr.maryland.gov/fisheries/Pages/shelfish
monitoring/reports.aspx
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Total Observed Mortality is an indicator of annual mortality rates of small and market sized
oysters. Mortality can occur from disease or other natural factors such as freshets. Mortality is
estimated based on the tiotaunt of small and marketized live oysters and the total count of
small and markesized boxes (dead oysters with the valves still articulated).

Information on oyster diseases is collected from the same fixed subset of 43 bars on which shell
heights & collected. DermaRerkinsus marinysand MSX Haplosporidium nelsopiinfection
prevalence (the percentage of oysters infected) and intensity (the severity of infection) are
measured from 30 oysters collected at each site. Disease prevalence aity batimeelate to
mortality. For example, all of the oysters in a sample may be infected with a disease, but at such
low intensity levels that few oysters are in danger of dying in the near future. Intensity is based
on a 0 to 7 scale with values of bgreater representing lethal levels.

The Fall Survey data will be used to explore general characteristics of the oyster populations
within those sanctuaries that were sampled in the Survey. Data presented will examine changes
over time, based on the amge number of oysters per a bushel of material, oyster shell height,

live oyster biomass, recruitment, mortality, and disease on oyster bottom within each sanctuary.

Patent Tong Surveys

Patent tong population surveys have been conductdtelyepartmersince the establishment

of the 2010 sanctuaries. These surveys use hydraulic patent tongs to obtain spatially explicit
estimates of oyster density, as well as information on oyster size and the amount of cultch
present. Data of this type cannot be dedtirom the Annual Fall Dredge Survey because of the
type of sampling gear used in that survey. Patent tong surveys condutheddeypartmenised

a stratified random sampling design, with strata based on substrate type. The number of
sampling points foeachsurvey on each sanctuary ranged from 50 to 300, depending on the area
of potential oyster habitat present in each sanctuary. Most sanctuaries have been surveyed at
least once, and two sanctuaries have had two surveys conducted prior to sanctokshrasnt.

During each patent tong survey all oysters are counted and classified as spaizechadir
marketsized. Oyster shell heights in millimeters are also measured for each sample in each
survey. The size structure derived from patent tong gam®y differ from the one derived from

the Fall Survey data. This is due to the patent tong surveys being based on samples taken across
the entire sanctuary and the Fall Survey size structure being based on just one bar within the
sanctuary.

The fixedarea of the patent tongs (dnallows for the calculation of oyster density. An average
density of oysters based on all samples collected within a sanctuary can be used to derive the
overall density of oystdnabitatin the entire sanctuary.

The patent tog surveys also measure the volume of surface shell in each sample. Exposed
oyster shell is the preferred settlement substrate for oyster larvae; therefore the greater the
volume of exposed shell, the greater the potential for spat set.
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The large number acfamples taken during targeted patent tong surveys allows for an
examination of the spatial distribution of oysters in a sanctuary, information that is unavailable
from the Fall Survey due to the integration of data over the length of a dredge tow amlihe
number of samples taken in each sanctuary. Comparison of Fall Survey and patent tong survey
results is difficult given the difference in sampling efficierayd aredetween the two gear

types; therefore, in thigppendixhe results from the two surveys are presented separately.

In thisappendixoyster density and oyster shell height distribution from the patent tong surveys
will be presented, where available, along with the Fall Survey information. In addition to the
patent tong surveys conductedthe departmentdditional patent tong surveys were conducted
by the Paynter Labs of the University of Maryland and Versar, Inc using a systematic sampling
design. Results of these surveys may be referenced epibesidix

Seafood Dealer Reports and Oyster Harvester Reports

Harvesting wild oysters in a sanctuary is prohibited. However, harvest data collected prior to an
area being established as a sanctuary may be used to examine harvesting activity in that area.
The Demrtmentcollects harvest data using two methods: seafood dealer reports and oyster
harvester reports. The volume of oysters caught each day by each license holder is reported to
the departmentn both forms in bushels. One Maryland oyster bushel is appabedy 46 liters,
notably larger than a standard U.S. bushel (35 liters).

Seafood dealers must report their oyster purchadbe wepartmeni hese reports are called

buy tickets and have been collectdcet h e 1 I8f@gri@afion reported on the btigkets

includes the broad location where harvest occurred (called the NOAA Code Area), quantity of
oysters harvested, and date of harv8sith the dealer and the harvester must sign the buy ticket
and include their names and license numbeasvest reprted on buy ticketeasbeenreviewed

only since 1990, when NOAA Code Area reporting was implemented. Furthermore, buy ticket
harvest is only relevant to théssessmenthen the sanctuary area aligns exactly with the

NOAA Code Area. For example, tis&\ern RiverSanctuary covers exactly the same area as
NOAA Code Aread82

Starting in 2009the departmermnequired oyster harvesters to report their caigry month
Information provided on the harvester reports includespacific harvest location, qotty of
oysters harvested, gear used, and the date of harvest. For oyster bars located within the
sanctuaries created in 2010, harvest data are only available for 2009, wispedfc reporting
was first implemented. No bapecific harvest data argalable for oyster sanctuaries created
prior to 2010Harvest reported up until June 1, 2016 will be presented in this appendix

Due to the longer time series available from the buy ticket record, this is the standard data source
for long-term trends irharvest. For applications where gear or oyster bar name is considered
critical, theoysterharvestere@port data source is often used because generallyrdpsts are

more complete with regard to gear type and oyster bar name.
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Water Quality

Water quéty may influence patterns in oyster life history parameters and disease as well as the
effects of sanctuaries and active restoration efforts on the environment. Oyster survival, growth,
reproduction, and disease incidence are related to water quaditpgters including salinity,
temperature, and dissolved oxygen. Oyster reproduction (spat fall) and aiaaasd mortality

both decline with decreasing salinity. Therefore in areas where reproduction is lowest, survival

of mature oysters may be highe&lysters also impact the quality of water in which they live.

For example, some water quality characteristics such as clarity may be related to oyster biomass,
as greater biomass results in a greater filtration rate. However, the association between wate
guality improvements and oyster population size is complex, since a number of other factors,
such as land use practices and water treatment facilities, greatly impact water quality.

Water quality is monitored in Maryland throutiie departmelgts Eyes on t he Bay
Although water quality data are collected throughout the bay, most of the sampling stations are
located outside oyster sanctuaries. Only 12 of the sanctuaries have water quality information.
Parameters measured by the EyesherBay program include temperature, salinity, dissolved
oxygen concentration, pH, total suspended solids, Secchi depth, chlorophyll a concentration, and
nutrient concentrations.

In addition to baywide water quality monitoring, there are two sanctespgcific monitoring

efforts. In Harris Creek, the first tributary chosen for lasgale oyster restoration, there are

three water quality instruments or sondes. Two are moored to the bottom, and one is a mounted
on a vertical profiler that takes samplesotighout the water column. In the Tred Avon River,

there is one sonde is mounted on a vertical profiler. Each sonde measures temperature, salinity,
dissolved oxygen concentration, pH, turbidity, fluorescence, and total chlorophyll concentration.
Additionally, biweekly water samples are collected in Harris Creek and alkalinity calculated
based on total inorganic carbon.

Oyster bars in Maryland are located in the mesohaline salinity classificatidghgpt). Within

this mesohaline zone, Maryland oystardare further classified into three zones: Zone 1 has an
average salinity between 5 to 11 ppt; Zone 2 has an average salinity between 12 and 14 ppt; and
Zone 3 has salinities greater than 14 ppt (FigeBg 3Data from Miryland Department of

Natural Resurces Maryland Department of Environment, and Chesapeake Bay Program were
used to create a Marylaiwdde salinity dataset. Oyster sanctuaries are classified by salinity zone
using average bottom salinity during the oyster growing season (April to Ocito2805 and

2006, two years with average rainfall.

Sanctuaries within Zone 1 (43 sanctuaries and 173,513 acres) were chosen to increase oyster
biomass through stocking and letegm survival. Oysters within Zone 1 are characterized by
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having lower levs of disease and better survival but low reproductive capdpilitysters are
also subject to intermittent freshets that can result in substantial mortality.

Sanctuaries within Zone 3 (3 sanctuaries and 17,671 acres) were chosen to foster disease
resisance and enhance reproduction. Oysters in this zone are subjected to heavy disease
pressures which normally results in mortdlitfhose oysters that do survive past 4 years are
thought to harbor some diseases resistance or tolerance since they datmoisto disease
related mortality. In Zone 3, there is also high recruitment rates that provide a fairly constant
influx of new oysters.

Sanctuaries within Zone 2 (13 sanctuaries and 62,257 acres) represent transition areas
incorporating the goals of Zosd and 3. Oyster located in Zone 2 may have fluctuating
characteristics based on the climatic variation between wet and dry. yAarsual spat

settlement can range from low to moderate to high based on salinity. Mortality related to disease
can also flictuate from year to year. In years with low disezeesed mortality, the oyster

populations in this area can recover as long as there is also successful recruitment. However, the
reverse can also occur.

Ecosystem Services

Ecosystem services provided twysters include: habitat for fish and invertebrate species;
biogeochemical processes including denitrification; filtration and water clarity; adjacent shallow
water habitat stabilization; and shoreline protection. Several studies assessing ecosystesn servi
in Harris Creek and the Tred AvonRiveer e under way. NOAAGs Oyster
Services project is attempting to quantify and estimate the economic value that restored oyster
reefs provide to other organisms and the environment. Researcherbdrvinginia Institute of
Marine Science and University of Maryland are quantifying macrofaunal productivity and
nutrient removal associated with restored oyster reefs. Researchers from the University of
Maryland are using computer models to estimate lawaply from sanctuaries to public fishery
areas. Scientists from the Smithsonian Environmental Research Center and the University of
Maryland are assessing the effects of restored oyster reefdavaphyll uptake

As these studies are ongoing, fings regarding ecological services will need to be addressed in
a future report. However, current data can inform conversations about ecological services as a
number of these services (e.g. water filtration and provision of habitat) can be linked to
measurble parameters such as oyster density and total biomass.

" Chesapeake Bay Oyster Management Plan: 2aft//www.chesapeakebay.net/content/publications/cbp_12889.pdf
8IBID
° Chesapeake Bay Oyster Management Plan: 2a6gt//www.chesapeakebay.net/content/publicetiobp_12889.pdf
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TableAO-1. List of oyster data collected in each sanctuary. BB = Bay bottom data. MN =
Maryland Geological Survey and NOAA side scan sonar surveys between 2005 and 2013
data present prior to the establishment of the sanctuary. A = data present aftabtrshemnt
of the sanctuary.

: Annual Fall | DNRPatent | Sedfood Dealer
Sanctuary Name Boétﬁ:c ;)—/ );pe ;‘nggslf:rrgﬁg; gr);ségg P 0;3&% - Reg())/;ttse?nd lell:)enrit(g::r?gty
Efforts Survey Survey Harvester
Reports
Big Annemessex BB A P.A
Breton Bay BB, MN P P,A
Calvert Shore BB, MN P P.A A
Cedar Point BB, MN A
Chester ORA Zone A BB, MN P P.A A P
Choptank ORA Zone A BB, MN P.A P.A A
Cook Point BB, MN P,A P,A
Cox Creek BB, MN P P A P
Eastern Bay BB, MN P A P
Fort Carroll
Harris Creek BB, MN P.A P.A P P.A
Herring Bay BB, MN P P,A
Hooper Strait BB, MN P.A P,A
Howell Point BB P.A A
Kitts Creek BB P P.A P.A
La Trappe Creek BB A
Little Choptank BB, MN P.A P,A A
Lower Chester River BB, MN P,A P,A A P
Lower ChoptaniRiver BB, MN P.A P.A A P
Lower Mairstem Bay BB P P.A A
Lower PatuxenRiver BB, MN A
MagothyRiver BB, MN P P P,A
Man O' War/Galetump BB P.A
ManokinRiver BB/MN P P.A A P P.A
Miles River MN P P.A
Mill Hill BB, MN A P.A
NanticokeRiver BB, MN P P,A P P,A
Neal Addition BB P,A P.A
13
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TableAO0-1. Continued

Seafood Dealer

7 Annual Fall DNR Patent
SancuayName | BOWOMTR | andReqoraion | Qe | Tons U | ol | Weter Qualiy
Efforts Survey Survey Harvester
Reports
Oxford Laboratory BB, MN A
Piney Point
Plum Point BB P.A
Point Lookout BB P.A P.A A
Poplar Island BB A A
Prospect Bay BB, MN P.A P A
Errcéseiect BayCabin A p
Ringgold BB, MN P,A
Roaring Point
Sandy Hill BB, MN P.A P.A
Severn River BB, MN P.A P.A P P.A
Solomons Creeks
Somerset BB A A A
SouthRiver BB, MN P,A P.A A P.A
St. Maery0s BB, MN P P.A A P
Tilghman Island BB A
Tred AvonRiver BB, MN P.A P.A A P P
Upper ChesteRiver BB, MN P,A P.A A P P.A
Upper ChoptaniRiver BB, MN P,A P,A A P,A
Upper PatuxenRiver BB, MN P,A P.A A P P.A
Webster BB
WicomicoRiver (West) BB
Wye River BB, MN P P.A A P P
14
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Section A.01Big Annemessex Sanctuary

The Big Annemessex Sanctuary is located in a high sa(grigater than 14 ppiegion of

Maryl andds | ower east er n A@-d)tThesanctoafwasCleaesl a p e a k
in 2010 and encompasses 74%aaf which 361 acres (48%) dristoric oyster bottom (as

charted in the Yates Oyster Survey from 1906 to 1912 plus its amendnidwes are four

historicoyster bars within the sanctu&tytwo of which lie aimost entirely outside the sanctuary

and accant for only 0.9% of the total ared the entire sanctuagnd two of which lie almost

entirely within the sanctuary boundary.

Bottom Habitat Characteristics

A smallportion of thesanctuary(54 acresyvas examined during the Bay Bottom Swyry&974
to 1983) to determine bottom type (Figuked1-2). No oystereefhabitat was found within the
54 acres surveyed, which consisted primarily of sand. More recent side scabattoar
surveys have not been conducted in this sanctuary.

Restoratim and Replenishment Activities

This areahas not received any active restoration or replenishment efforts since 1990.

Oyster Population Characteristics

The Fall Survey did not sample any oyster bars withigmareabetween 1990 and 2014. In
2015, one gaple was collected and no oysters were found.

No patent tong population surveys have been conducted to datesamtiearyby the
Department

Harvest

Thesanctuary encompasskE3%of the 7,343 acres NOAA Code Area 005; therefore, seafood
dealer buyticketscannot be used to assess harvest in this Acearding to oyster harvester
reports for the 2002010 season, no harvest occurirethe area now established as a sanctuary

10 Seechart 45for bar names and locations in the State of Maryland Shellfish Closure Areas Book
http://dnr.maryland.gov/fisheries/Pages/oysters/index.aspx
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Environmental Conditions and Ecosystem Services

The Chesapeake Bay Program Water Quality Data Hub recordethly water quality at station
XBJ2003 (latitude 38.03373, longitud#s.82832) in theanctuary from 2011 to 2013 (Figure
A.01-3). Surface water quality was analyzed for salinity, water teryperasecchi disk depth,
total suspended solids, and chlorophyN\&ater quality was favorable for oysters during the
period examined.

We are unaware of any studies explicitly examining oyster ecosystem sentitssairea

16
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Data Source: MDNR & MDE

[ Oyster Sanctuary [ Conditionally Approved Shelffish Harvesting Area

[ Historic Oyster Bar [ Restricted Shellfish Harvesting Area
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FigureA.01-1. BigAnnemessex Sanctuary.
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Big Annemessex Oyster Sanctuary I Ovster reer
0.5 Maryland Bay Bottom Survey 1974-1983 Other hottom type
—
Miles D Sanctuary boundary

FigureA.01-2. Big Annemessex Sanctuary bottom types. Data from Maryland Bay Bottom
Survey of 19741883 Tan and green colored areas depict areas examined during the survey.
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FigureA.01-3. Water quality dataatlected at Station XBJ2003 in Jones Creek within Big
Annemessex Sanctuary from 2011 to 2013. Black line denotes the date the sanctuary was
established.
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Section AOZ Breton Bay Sanctuary

The Breton Bay Sanctuary is located within Breton Bay on the North shore of Potomac River, a
low salinity (less than 12 pptegion (FigureA.02-1). The sanctuaryas created in 2010 and
encompasses 3,212 acres, of which 888 acres (28%) are historicooysinr (as charted in the
Yates Oyster Survey from 1906 to 1912 plus its amendments). Therelastoli@ o/ster bars

within the sanctuary.

Bottom Habitat Characteristics

The area that is now tlsanctuary was examined diog the Bay Bottom Surve§d 974 to 1983

to determine its bottom type (Figuhe02-2). Of the 8% acres surveyed within the sanctuary,

581 (69%) were classified as oyster réabitat In 2010 Maryland Geological Survey

conducted a more thorough side scan sonar survey of theCirthe 2,334 acres surveyed in

2010, 311 acres (13%) were classified as oystethad®stat The much greater coverage of the
Maryl and Geol ogi cal S uLack & gvérlep betwekrethesaverage aseasn a r
of the Bay Bottom SurveyandMal and Geol ogi cal Surveyods side
comparison of the two surveys.

Restoration and Replenishment Activities

Thesanctuary has not received any active restoration efforts since it was established in 2010;
however this areaeceived rplenishment efforts onaghen1.3 thousand of bushels wfld

seed was planted in 19¢6ableA.02-1). No shell or hatchergpaton-shellhas been planted
since 1990.

TableA.02-1. Replenishment planting activities occurring sinc
1990 in the area estadiied as th@8reton BaySanctuary in 2010.

Planting Area Thousandg Millions of
Substrate Planted | of Bushels Spat
Year Type (acres) Planted Planted
1996 Wild Seed 2.14 1.3 -

11 Seechart 34for bar names and locations in the State of Maryland Shellfish Closure Areas Book
http:/[dnr.maryland.gov/fisheries/Pages/oysters/index.aspx
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Data Source: MDNR & MDE

[ Oyster Sanctuary [ Conditionally Approved Shelffish Harvesting Area

4 Sample Site
[ Historic Oyster Bar [_] Restricted Shellfish Harvesting Area O  Key Bar
( 05 1 2
R I i< April 2016 (bg)

FigureA.02-1. Breton Bay Sanctuary.
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) [
Breton Bay Oyster Sanctuary I Ovster reef
1 Maryland Bay Bottom Survey 1974-1983 Other bottom type
———
Mies [ sanctuary boundary

Breton Bay Oyster Sanctuary I Oyster reer
1 MGS Other bottom type
——
Miles 2010 June [ sanctuary boundary

FigureA.02-2. Breton BaySanctuary bottom typefA) Data from Maryland Bay Bottom
Surveyfrom 19741883.(B) Data from Maryland Geological Survef2010. Tan and green
colored areas depict areas examined during the surveys.
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Oyster Population Characteristics

The Fall Survey hataken one sample on one oyster bar (Black Walnth)jsrareaannually

since 1990, with the exception of 1996 and 1997 when 2 samples were collected on Black
Walnut bar. The average number of total live oysters per bushel (market, small, and spat) from
19902009 was slightly higher than the average from 22005 (TableA.02-2; FigureA.02-3).

The average number of smalzedand markesizedoysters per bushel from 192009 was

slightly higher than the average from 2€2@15.

TableA.02-2. Oysterpopulation characteristics based on the Fall Survey before and after t
establishment of thBreton BaySanctuary in 2010. Values are given as mean * standard el

19902009 | 201062015
Number of Years Sampled / Number of Samples 20/ 22 6/6
Number of Live Oysters per Bushel 34+7 25+11
Number of Live SmaiSized Oysters per Bushel 14+4 77
Number of Live MarketSized Oysters per Bushel 20+ 4 175
Live Oyster Biomass (g Dry Weight per Bushel) 72+11 389
Mortality (%) 36 +£5.6 14+49

The Departmerttas not conducted patent tong population surveys isatinguary.

Oyster Size Structure

Oyster shell height information was collected during the Fall Survey from 1990 to 1997 and
2011 to 2013 (Figura.02-4). The lack of data from 1998 to 2010 and 2014 to the present
precludes evaluation of changes in size structure

Biomass

Biomass of oysters collected by the Fall Survey increased from 2011 to 2013; however, it is still
lower than the highest biomasscurring in 1990 (Figuré.02-5; TableA.02-2).
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Recruitment (Spatfall)

Based on the Fall Survey, spatfall is low and intermittent in this area. Measurements ranged
from O to 6 spat per bushigdm 1990 to 2015 with the highest occurring in 1991 (Fig@2-

3). There were extended periods of low spatfall from 2Z8@M and 201-2014. In 2015,

spatfall was 3 spat per bushel which is equivalent to the 1999 measurement and the second
highest in the the series.

Mortality

The average mortality prior to the area becoming a sanctuary was higher than after the sanctuary
was established (Figure.02-6, TableA.02-2). These findings are consistent with high lveige
disease pressure from 2000 to 2008 matality was observed in 2009 and 2010.

Disease

No Fall Survey disease samples have been taken since 1990.
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FigureA.02-4. Shell height frequeni es of | i ve oysters from 1990 to 2015 in the Br
Oyster Dredge Survey. The black line denotes the year the sanctuary was established. Size data were collected frO8v1£28D 2011 to
2013.

26

DRAFT REPORJULY 2016



160
140
120
100
80
60

w y

20

Oyster Biomass (grams of dry weight per Bushel)

=
o

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Year

Figure A.02-5. Oyster biomass (grams dry weight per bushel of material) from 1990 to 2015 in

t he Breton Bay Sanctuary. Data from Maryl andd
indicates the date the sanctuary was established. Biomass data wetecchibea 1990 to 1997

and 2011 to 201D = No Data.

FigureA.02-7. Averageannualmortality of marketsized and smalized oysters from 1990 to
2015 i n Breton Bay Sanctuary. Data from Mary
line denoteshe date the sanctuary was established. Error bars represent + 1 standard error.
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